Introduction
Since the introduction of the Capital Asset Pricing Model (CAPM) by Sharpe (1964) , Lintner (1965) and Mossin (1966) , the market risk premium, defined as the compensation required by investors to bear market risk, has been investigated. In addition to the market risk premium, various empirical studies Arisoy, Salih and Akdeniz, 2007; Mo and Wu, 2007; Carr and Wu, 2009; Bollerslev, Tauchen and Zhou, 2009; Bollerslev, Gibson and Zhou, 2011) document the existence of a premium for bearing volatility risk; this supports the hypothesis that volatility is another important pricing factor in equity markets. Ang, Hodrick, Xing and Zhang (2006) and Chang, Christoffersen and Jacobs (2013) show that the aggregate volatility risk (measured by changes in volatility indices) is important in explaining the cross-section of returns: stocks that fall less as volatility rises have low average returns because they provide protection against downward movements in financial markets. 1 Additionally, many empirical studies also reveal that the influence of market risk is not symmetric. For instance, Ang, Chen and Xing (2006) show the existence of a downside risk premium (approximately 6% per annum), where stocks with higher market covariance during recession periods provide higher average returns compared to those that exhibit lower covariance with the market. 2 Given that market risk has an asymmetric effect on equity returns, it is interesting to ask whether the influence of volatility risk on equity returns is also asymmetric. By using delta-hedged option portfolios, provide evidence in support of an overall negative volatility risk premium. These empirical results also reveal time-variation of the volatility risk premium (i.e. the underperformance of delta-hedged strategies is greater during times of high volatility). DeLisle, Doran and Peterson (2011) use innovations in the VIX index to measure volatility risk and focus on its asymmetric effect. To be more specific, their study shows that sensitivity to VIX innovations is negatively related to stock returns when volatility is expected to increase, but it is unrelated when volatility is expected to decrease. Based on the ICAPM (Merton, 1973) , Campbell (1993 and 1996) and Chen (2003) argue that an increment in aggregate volatility can be interpreted as a worsening of the investment opportunity set. More recently, Farago and Tedongap (2015) claim that investors' disappointment aversion is relevant to asset pricing theory, conjecturing that a worsening opportunity set may result either from a decrease in the market index or from an increase in the volatility index. Empirical results in their study show that these undesirable changes (decreases in market and increases in volatility indices) motivate significant premiums in the cross-section of stock returns. In order to understand the asymmetric effect due to market or volatility risks, it is important to distinguish between different cases: positive or negative market returns, and increments or reductions in the aggregate volatility, especially by using forward-looking measures of volatility.
This study first concentrates on the unconditional relationship between an asset's return and its sensitivity to volatility risk through a quintile portfolio level analysis. This study uses the VIX index itself to construct a volatility factor, i.e. innovations in the squared VIX index.
In addition, this study introduces VIX index futures into asset pricing models. Thus, this study uses innovations in squares of the VIX index or VIX futures to measure changes in the volatility risk, and further tests the unconditional relationship between portfolio returns and sensitivity to volatility risk factors.
This study also focuses on the asymmetric effect of volatility risk. In order to do so, the empirical analysis follows the method used in DeLisle, Doran and Peterson (2011) and defines a dummy variable to distinguish different situations. To contribute beyond previous studies, this study defines a dummy variable based on the VIX futures basis (i.e. the difference between the VIX spot and VIX futures) instead of daily changes in VIX index. Daily innovations in the VIX index reflect how it changes from its level on the previous trading day. However, the VIX 3 futures basis reflects how the spot VIX index deviates from its risk-neutral market expectation; the VIX futures basis captures more relevant ex-ante information and is better at predicting future trends in volatility than time series models. To test whether volatility risk plays the same role in explaining asset returns under different scenarios, this study investigates the relationship between an asset's returns and sensitivity to volatility risk in each market scenario.
Furthermore, this study also decomposes the aggregate volatility index into two components, volatility calculated either from out-of-the-money call options only or from outof-the-money puts. The innovations in squares of volatility terms are used as separate volatility factors in the analysis. Such a decomposition enables us to test for an asymmetric effect of volatility risk from using ex-ante information, and to highlight whether investors treat information captured by different kinds of options in different ways.
This study contributes to previous literature in several areas. First, this study introduces VIX futures into asset pricing models. Previous literature (Ang, Hodrick, Xing and Zhang, 2006; DeLisle, Doran and Peterson, 2011; Chang, Christoffersen and Jacobs, 2013) uses the VIX index to construct a proxy for volatility risk. 3 However, the new VIX index is a modelfree aggregate implied volatility index, and is a spot index. In order to replicate the VIX index, investors need to trade out-of-the-money options. However, such a replication is costly. Instead, VIX futures are tradable in derivative markets, and they reflect the market expectation of this volatility index at a future date. Few studies have used VIX futures in asset pricing and they only focus on theoretical pricing, the existence of a term structure, or causality between VIX spot and VIX futures. 4 Trading on the VIX futures provides investors with an expectation of the VIX index itself at a future expiration; so movements in the square of VIX futures reflect changes in market expectations of variance (i.e. implied volatility squared) at expiration.
Rather than changes in the squared VIX spot index, introducing factors constructed from VIX futures into asset pricing models is expected to help to improve a model's ability to forecast 4 returns through a volatility premium. Such an analysis also highlights the importance of VIX futures in asset pricing.
Secondly, this study contributes to the use of risk-neutral volatility measures in empirical tests of volatility risk premium. Historical data shows a negative relationship between the market and the volatility index. An increase in the market index is often accompanied by a decrease in the volatility index, while a downward movement of the market frequently comes together with a sharp increase in the volatility index. Additionally, such a relationship is timevarying, and is stronger during periods of financial turmoil (Campbell, Forbes, Koedijk and Kofman, 2008) . In light of this, Jackwerth and Vilkov (2014) find the existence of a negative risk premium on the index-to-volatility correlation. 5 Thus, in addition to the market risk premium, volatility or variance risk premiums are commonly tested empirically.
Thirdly, this study takes an asymmetric effect of volatility risk into consideration.
Whereas small increments in the market index and consequent reductions in the volatility index are consistent with investors' expectations, decreases in the market or increases in the volatility indices are perceived as shocks with negative news for investors. Separating these different cases through dummy variables enables us to analyze the role of volatility risk in asset pricing under different scenarios. Furthermore, the way to separate different scenarios used in this study is new compared to previous papers. In DeLisle, Doran and Peterson (2011) , dummy variables are defined based on innovations in the VIX spot (they define dummy variables based on a lagged variable). This study separates different scenarios based on the sign of the VIX futures basis, which is an ex-ante measure. Such a definition captures information about exante market conditions. Then this study investigates the effect of volatility risk in different situations.
Fourthly, this study decomposes the VIX index and distinguishes two different components of aggregate volatility. Volatility calculated by using out-of-the-money call options captures information conditional on increases in price of the underlying asset, while volatility calculated by using out-of-the-money put options captures information conditional on decreases in price of the underlying asset. By using these two components to construct separate volatility factors, this study investigates the asymmetric effect of volatility risk using ex-ante information. Such an analysis also sheds light on whether investors treat information captured by out-of-the-money call and put options, i.e. up and down market conditions, differently. If investors think one kind of option is more informative or more influential than the other, they can seek higher premiums by constructing trading strategies based on this kind of option alone. Thus, empirical results in this study give investors an indication of how to improve their trading strategies and capture premiums from their portfolios.
The rest of this study is organized as follows. Section 2 discusses details of data and methodology. Results for portfolio level analysis using VIX spot and VIX futures are presented in section 3. Section 4 documents results obtained by using two components of aggregate volatility (i.e. volatility terms calculated by using out-of-the-money call or put options). Finally, section 5 concludes.
Data and Methodology

Data Resources
This study focuses on the effect of aggregate volatility risk factors on individual stock returns in the US markets. Daily individual stock returns for ordinary common shares (share codes of 10, 11 and 12) are downloaded from CRSP. 6 When forming volatility factors, this study uses the VIX spot (VIX ) and VIX futures (VXF ), which are obtained from the CBOE official website. 7 Furthermore, in order to decompose the aggregate volatility index, this study uses data for options written on the S&P500 index ( SPX ), which are available from
OptionMetrics. Our analysis also needs other factors, such as the market excess return ( MKT ), 6 the size factor ( SMB ), the book-to-market factor ( HML ), and the momentum factor (UMD ).
Data for these factors are all available from Kenneth French's data library. 8
Data Description
The first part of this study separates different market scenarios based on a dummy variable defined from the VIX futures basis (i.e. periods with positive or negative VIX futures basis). [Insert Table 1 here]
In addition, it can be easily seen that the VIX spot is less stable than its futures, VXF .
The minimum value for VIX (0.0989) is slightly smaller than the minimum value for VXF (0.0995), while the maximum value for VIX (0.8086) is much larger than the maximum value for VXF (0.6795). The range of VIX is wider than that of VXF . 12 Correlations in Panel B of Table 1 indicate that VIX and VXF are highly correlated (with the correlation of 0.9846).
There is a negative relationship between the market excess returns and the aggregate volatility risk.
By using ex-ante information, the second part of this study investigates whether volatility risk has an asymmetric effect. This part also answers whether call or put options capture different information concerning future market conditions. This part replicates the VIX index and decomposes it into two components, i.e. volatility calculated from out-of-the-money call options (VXC ) or volatility calculated from out-of-the-money put options (VXP 
Methodology
In order to investigate the relationship between asset returns and sensitivities to aggregate volatility risk, this study uses a quintile portfolio level analysis among individual stock returns.
Such an analysis enables us to test whether stocks with more negative correlations between returns and volatility changes outperform those with less negative correlations.
To test whether there is an asymmetric effect of volatility risk on asset returns, this study uses two different methods. First, this study separates different market conditions by defining a dummy variable and analyzes the relationship under two different situations. Secondly, this study decomposes VIX into two parts and uses forward-looking information to capture future 8 market conditions. Then, this study examines whether the asymmetric effect of volatility risk exists if ex-ante information is used. Details about methodologies are discussed in following subsections.
Volatility Factor Construction
First, it should be highlighted that this study focuses on market-based pricing factors. That is, this study concentrates on pricing factors constructed at aggregate level, and uses pricing factors which are common for all individual assets in the market rather than firm-specific factors.
From existing literature, in addition to systematic market risk captured by beta, coskewness (or systematic skewness) is also an important pricing factor in asset pricing (Kraus and Litzenberger, 1976; Scott and Horvath, 1980; Wei, 1985 and 1988; Fang and Lai, 1997; Harvey and Siddique, 2000) . Coskewness refers to how an individual asset's return co-moves with the second moment of the market return. 16 By using historical data, previous papers calculate ex-post estimates of systematic market risk and coskewness risk, and document that coskewness helps to explain asset returns.
Rather than using historical data, recent studies use option-implied information to measure the risk-neutral expected second moment of the market return, and further calculate coskewness for individual stocks. In empirical studies, due to potential non-stationarity issue, the first difference of the volatility index, instead of the level of the volatility index, is commonly used to measure the volatility risk. 17 For example, in order to measure the second moment of market returns, Ang, Hodrick, Xing and Zhang (2006) 
Quintile Portfolio Level Analysis
In order to test if there is a significant relationship between an asset's return and its sensitivity to volatility factors, this study uses a quintile portfolio level analysis for individual stocks. To be more specific, this study first estimates the following time-series regressions using daily data for each individual stock i : , , ,  ; that is, stocks in portfolio 1 have the lowest sensitivity to aggregate volatility risk, while stocks in portfolio 5 have the highest sensitivity. The "5-1" long-short portfolio is constructed 11 by holding a long position in portfolio 5 and a short position in portfolio 1. The first part of this study assumes that investors hold portfolios for 10-day, 20-day and 30-day horizons after construction, and calculates the return on each portfolio during these holding periods. 21 The second part of this study calculates portfolio returns in the following one calendar month. The empirical analysis calculates whether the "5-1" long-short portfolio has a significant non-zero mean return or Jensen's alpha with respect to the market-factor model, the Fama-French threefactor model, or the Carhart four-factor model (i.e. risk-adjusted return after controlling for MKT , SMB , HML and UMD ). 22 If the "5-1" long-short portfolio has a significant and negative mean return, overall asset sensitivity to volatility factors is negatively related to returns.
However, if the realization of MKT or VF is close to zero, it is difficult to find significant non-zero average returns on any portfolio. Thus, by distinguishing periods with different market conditions, it is possible to detect statistically significant mean returns on the "5-1" long-short portfolio. Also, such an analysis sheds light on whether volatility risk plays different roles under different market conditions.
Asymmetric Quintile Portfolio Level Analysis
By using   2 VIX  and   2 VXF  to capture volatility risk, although previous models (equation (1)) detail relationships between asset returns and sensitivities to volatility factors, these models ignore asymmetric effects of volatility risk. Financial markets may react differently to positive or negative volatility shocks, thus, this study incorporates an asymmetric effect of volatility risk.
In order to separate different cases, this study follows the method used in DeLisle, Doran and Peterson (2011) 
. After running the regression shown in equation (2) by using previous approximately 40-day daily data points at the final settlement date in each month, quintile portfolios and "5-1" long-short portfolios are formed separately in two different situations ( 0 (i.e. only considering information about volatility risk during period with positive VIX futures basis). Furthermore, for the "5-1" long-short portfolios, Jensen's alphas with respect to the market-factor model, the Fama-French three-factor model or the Carhart four-factor model are calculated to see whether, in different scenarios, the relationships between an asset's return and sensitivity to volatility factors are significant even after taking MKT , SMB , HML and UMD factors into consideration. This analysis enables us to verify whether the asymmetric effect of volatility risk on asset returns is determined by existing factors.
Decomposition of the VIX Index
The VIX index measures the market's expectation of 30-day aggregate volatility implied by both out-of-the-money call and put options of S&P500 index. Nevertheless, out-of-themoney call and put options reflect information captured by different parts of the option cross section.
[Insert Figure 4 here] Figure 4 indicates that out-of-the-money put options capture information conditional on future stock prices being lower than stock index forward, while out-of-the-money call options capture information conditional on future stock prices being higher. This study separates different market conditions based on ex-ante information. Information contained in out-of-themoney put options reflects state prices from bad news conditions, while information contained 14 in out-of-the-money call options reflects state prices from good news conditions. Decomposing 2 VIX into two parts (i.e. 2 VXC and 2 VXP ) enables us to test whether information captured by different options affects asset returns in different ways and to test the asymmetric effect of volatility risk using ex-ante information. If information captured by one kind of option is more important and relevant to asset returns, investors could improve their trading strategies by only incorporating such information and avoid bearing unnecessary risk. Details about the decomposition are presented as follows.
According to the VIX Whitepaper from CBOE's website 25 , the "model-free" variance is calculated using the following formula:
where T refers to time to expiration, 0,T F is the forward index level derived from index option prices, 0 K is the first strike below the forward index level, i K is the strike price of the th i outof-the-money option,   
Hence, 2 VXC and 2 VXP sum up to 2 VIX . After decomposing VIX into two components ( VXC and VXP ), this study constructs VF in equation (1) as the volatility factor. The results are shown in Table 3 . Two panels of Table 3 show that there is no significant relationship between an asset's sensitivity to   2 VXF  and its return. (2)). 27 Such an analysis enables us to investigate the asymmetric effect of the volatility risk. First, this subsection focuses on the asymmetric effect
; the corresponding results are presented in Table 4 .
[Insert Table 4 investors construct an equally-weighted "5-1" long-short portfolio and hold the portfolio for the following 10 trading days, Jensen's alpha with respect to the Carhart four-factor model (controlling for MKT , SMB , HML or UMD ) is -0.22% (with a p-value of 0.0256). If investors hold the "5-1" long-short portfolio for a longer period, 30 trading-day, the riskadjusted return with respect to Carhart four-factor model becomes -0.39% (with a p-value of 0.0544). For the value-weighted "5-1" long-short portfolio, the risk-adjusted return with respect to Carhart four-factor model is -0.71% (with a p-value of 0.0360) for a 20 trading-day period, and is -0.96% (with a p-value of 0.0093) for a 30 trading-day period.
The asymmetric effect of the volatility risk constructed by using VIX is also documented in DeLisle, Doran and Peterson (2011); findings in this subsection are consistent with their paper. as a proxy for the volatility risk in the portfolio level analysis with the asymmetric effect incorporated. Table 5 shows corresponding results.
[Insert Table 5 here]
In Panels A and C of and its return considering the information during the period with positive futures basis. For example, under the assumption of a 30 trading-day holding period after portfolio formation, for the equally-weighted "5-1" long-short portfolio, the risk-adjusted mean return with respect to Carhart four-factor model is -0.35% (with a p-value of 0.0637); for the value-weighted "5-1" long-short portfolio, the riskadjusted mean return with respect to Carhart four-factor model is -0.85% (with a p-values of 0.0461). with volatility during such periods, investors will take into consideration the correlation between stock returns and volatility risk, and returns on these stocks will be lower over a short horizon. However, if stock returns are correlated with the volatility risk in clam markets, investors in the market will ignore such correlations and future stock returns will not be affected. ) by using previous 2-month daily data (shown in equation (1)) during the period from January 1996 to August 2014. 28 [Insert Table 6 here]
From column 1 to column 4 of Table 6 , it is obvious that, by using   2 VIX  as a proxy for aggregate volatility risk, there is a significant and negative relationship between quintile portfolio returns and sensitivity to volatility risk. After controlling for MKT , SMB , HML and UMD , the average return on equally-weighted "5-1" long-short portfolio is -0.37% (with a p-value of 0.0345).
The remaining eight columns of Table 6 give us indications of the negative drivers between an asset's return and its sensitivity to volatility risk. From columns 5 to 8, if   2 VXC  21 is used as a proxy for aggregate volatility risk, there is no evidence that the "5-1" long-short portfolio has significant and non-zero mean return.
However, if quintile portfolios are formed based on factor loading on   2 VXP  , there is a significant and negative relationship between an asset's return and its sensitivity to
To be more specific, by using the equally-weighted scheme, the mean return on the "5-1" longshort portfolio is -0.23% per month (with a p-value of 0.0796). After controlling for commonlyused pricing factors, Jensen's alpha with respect to the Carhart four-factor model is -0.37% per month (with a p-value of 0.0087) for equally-weighted "5-1" long-short portfolio, and it is -0.58% per month (with a p-value of 0.0739) for value-weighted "5-1" long-short portfolio.
In order to construct quintile portfolios, prior analysis uses previous 2-month daily data for time-series regressions. Thus, there is some data overlap for time-series regressions in different calendar months. In order to avoid this issue, this subsection next uses previous 1month daily data for regression model presented in equation (1). 29 [Insert Table 7 here] there is no significant mean return or risk-adjust return on "5-1" long-short portfolios (columns 5 to 8).
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Nevertheless, if   2 VXP  is used to measure volatility risk, the average return on equally-weighted "5-1" long-short portfolio is -0.31% (with a p-value of 0.0544). After controlling for MKT , SMB , HML or UMD , greater significance and more negative premiums are obtained from the equally-weighted "5-1" long-short portfolio (-0.34% with a pvalue of 0.0263 for Jensen's alpha with respect to the market-factor model, -0.37% with a pvalue of 0.0237 for Jensen's alpha with respect to the Fama-French three-factor model, and -0.44% with a p-value of 0.0102 with respect to the Carhart four-factor model). By switching to a value-weighted scheme, the average return and Jensen's alpha on the "5-1" long-short portfolio become more negative. The average return without controlling factors on the valueweighted "5-1" long-short portfolio is -0.72% per month (with a p-value of 0.0173).
Controlling for common-used pricing factors makes the Jensen's alphas more negative. For example, the risk-adjusted return with respect to Carhart four-factor model on the "5-1" longshort portfolio is -1.00% per month (with a p-value of 0.0020).
In summary, there is a significant and negative relationship between quintile portfolio return and sensitivity to volatility risk factors constructed from VIX . However, if separating the information captured by out-of-the-money call and put options, the negative relationship between quintile portfolio return and sensitivity to volatility risk becomes more statistically significant when using out-of-the-money put options only (i.e.   2 VXP  ). When using   2 VXC  to measure the volatility risk, there is no significant and negative relationship between portfolio return and sensitivity to volatility risk. 30
Discussions for Asymmetric Portfolio Analysis Using Ex-Ante Information
As discussed in section 3, there is no evidence of a negative relationship between an asset's return and its sensitivity to volatility risk during the period from October 2005 information. Holding a long position in portfolio 1 and a short position in portfolio 5 constructed on put options brings more statistically significant and higher premiums than the strategy using the VIX index does.
Furthermore, if investors use previous 1-month daily data for portfolio construction rather than use previous 2-month daily data, the average return and Jensen's alphas on arbitrage portfolios are more statistically significant. This indicates that more immediate data capture relevant information about future market conditions.
Conclusions
From the analysis presented previously, during the period from October 2005 to December 2014, it is difficult to find any unconditional significant relationship between an asset's sensitivity to volatility risk and its return by using innovations in square of VIX index
) as a proxy for the volatility risk. This could be due to the fact that the sample period covers the recent financial crisis; during the sample period, asset markets were more stressed. Furthermore, the average return on the market portfolio and the average volatility change are close to zero. So, it is difficult to detect an unconditional relationship between an asset's sensitivity to volatility risk and its return.
However, this study tests whether volatility risk plays different roles in different market conditions. This study uses a dummy variable defined on the VIX futures basis to distinguish different expectations. The empirical results provide evidence supporting the asymmetric effect of volatility risk on asset returns. When only taking into consideration the information during the period with positive VIX futures basis (i.e. period with VIX spot higher than VIX futures), stocks with higher sensitivities to volatility risk have significantly lower returns than those with lower sensitivities to volatility risk. That is, an asset's return is significantly and negatively related to its sensitivity to volatility risk measured by   Finally, this study decomposes the VIX index into two components. One component is the volatility calculated from out-of-the-money call options (VXC ), and the other component is the volatility calculated from out-of-the-money put options (VXP ). Such a decomposition enables us to test if information captured by one type of option is more important to investors in verifying the existence of the asymmetric effect by using ex-ante information. Such an analysis reveals that the asymmetric negative relationship between an asset's sensitivity to 25 volatility risk and its return is more significant when using   2 VXP  . Information captured by out-of-the-money put options is the main driver of the negative relationship between asset return and sensitivity to aggregate volatility risk. Put options contain more useful information about negative news in future market conditions. Such findings are expected to give indications to investors about how to design their trading strategies to capture premiums. 1 In the previous literature, historical data are used to calculate the aggregate volatility. However, if economic conditions change, historical data no longer reflect the current and future expectations. Since it is known that option prices incorporate market expectations, the introduction of forward-looking information into asset pricing models becomes extremely valuable. In fact, information, such as volatility, incorporated into options reflects market expectations of future conditions. Given that several previous studies provide supportive evidence that option-implied information outperforms historical in volatility prediction (Christensen and Prabhala, 1998; Blair, Poon and Taylor, 2001; Poon and Granger, 2005; Taylor, Yadav and Zhang, 2010; and Muzzioli, 2011) , using a volatility index constructed from using option data is expected to incorporate more information about aggregate volatility.
2 The measure of downside risk used in Ang, Chen and Xing (2006) was originally introduced by Bawa and Lindenberg (1977) . 3 Here, the VIX index refers to both old VXO index and new VIX index. The old VXO index is CBOE S&P100
Volatility Index, and is an average of the Black-Scholes implied volatilities on eight near-the-money S&P100 options at the two nearest maturities. The new VIX index is CBOE S&P500 Volatility Index, and is a weighted sum of a broader range of strike prices on out-of-the-money S&P500 options at the two nearest maturities. 4 For example, Lin (2007) , Zhang and Zhu (2006) focus on the pricing of the VIX index future. Huskaj and Nossman (2012) and Lu and Zhu (2009) both investigate the term structure of VIX index future. Shu and Zhang (2012) and Karagiannis (2014) look at the causal relationship between the VIX index and its futures.
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Associates). SMB (Small-Minus-Big) is the average return on the three small portfolios minus the average return on the three big portfolios. HML (High-Minus-Low) is the average return on the two value portfolios minus the average return on the two growth portfolios. UMD (Winners-Minus-Losers) is the average return on the two high prior return portfolios minus the average return on the two low prior return portfolio. 9 March 26 th , 2004 is the first trading day with VIX future data available, while December 31 st , 2014 is the last trading day of the sample period. In order to draw the figure and get the summary statistics, for VIX index futures, Figure 1 and Table 1 use the settlement price of future contracts with near-term expiration. 10 The lead-lag relationship between spot and futures markets is an important topic. However, this study is not looking at the causal relationship between VIX spot and VIX futures. 11 Panel B of Figure 1 plots the market factor ( MKT ) together with VIX and VXF . This study also calculates the daily simple returns and logarithmic returns on the S&P500 index. The data indicates that daily simple returns and logarithmic returns on the S&P500 index are highly correlated with MKT (with correlations of 0.9917 and 0.9918, respectively). This study concentrates on market-based pricing factors. So, rather than using the return on S&P500 index, this study uses the market excess return provided by French's online data library. 12 The descriptive statistics of different variables presented in Table 1 are all calculated at daily frequency. For example, the mean of daily market excess returns is 0.04% (Panel A of Table 1) , which translates to around 13.64% p.a. using continuous compounding. 13 Details about the decomposition are discussed in section 2.3.4. 14 The regression model in equation (1) is estimated until the end of August 2014. Then, quintile portfolios are constructed by using monthly return in September 2014. 15 Due to the existence of volatility risk premium, there is a bias when using risk-neutral volatility. 16 For example, according to Kraus and Litzenberger (1976) , the relation between returns and risk is given by: 20 For equally-weighted portfolios, the weight for each constituent is determined by the total number of stocks included in the portfolio, while for value-weighted portfolios, the weight of each constituent depends on the market capitalization of stocks in the portfolio. 21 It is known that VIX reflects the market's expectation of stock market volatility over the next 30 day period. VIX is calculated by using near-term and next-term options with maturities longer than 7 days. Here, "10-day", "20-day", and "30-day" refer to trading days, and correspond to 2-week, 4-week, and 6-week periods. So lengths of holding periods used in this study are consistent with predictive periods indicated by options used for VIX calculations. 22 In empirical analysis of this study, p-values reported in Table 2 to 7 are calculated after controlling for autocorrelation (i.e. adjusted by using the Newey-West method). 23 As highlighted in CBOE official website, VIX futures are contracts on forward 30-day "model-free" implied volatilities. The price of a VIX futures contract can be lower, equal to or higher than VIX index, depending on whether the market expects volatility to be lower, equal to or higher in the 30-day forward period covered by the VIX futures contract than in the 30-day spot period covered by VIX index. The VIX index is a volatility forecast, not an asset. Hence, it is very expensive for investors to create a position equivalent to one in VIX futures by buying a portfolio of options to replicate VIX index and holding the position to futures expiration date while 33 financing the transaction. In this study, a positive VIX futures basis refers to "backwardation", while a negative VIX futures basis refers to "contango". Within the sample, there are more observations of "contago". However, "backwardation" reflects highly volatile periods. (1), the average adjusted R-square is 20.45%. The percentage of individual stocks with significant non-zero intercept is 7.69%. 27 When using   2  VIX in equation (2) , the R-square is 14.17%. 30 This study follows the method documented in VIX Whitepaper from CBOE for VIX replication. To obtain the results presented in this subsection, this study uses equations (4) and (7) to construct   2 VXC  and   2 VXP  34 rather than using the method with interpolation across strike prices documented by Bakshi, Kapadia, and Madan (2003) . This study also calculates   2 VXC  and   2 VXP  by using the method with interpolation. The results
are different to what we find in this subsection. Thus, results presented here are sensitive to the method used for volatility factor calculation. 
VIX 
The following time-series regression is estimated on the final settlement date in each calendar month by using daily data: . The "5-1" long-short portfolio is constructed by holding a long position in portfolio 5 and a short position in portfolio 1. Then, this study calculates the return for each portfolio during the holding period (10-day, 20-day, and 30-day) after the portfolio formation. 
VXF 
The following time-series regression is estimated on the final settlement date in each calendar month by using daily data: . The "5-1" long-short portfolio is constructed by holding a long position in portfolio 5 and a short position in portfolio 1. Then, this study calculates the return for each portfolio during the holding period (10-day, 20-day, and 30-day) after the portfolio formation. 0.0046 0.0008 0.0009 0.0009 0.0046 -0.0014 -0.0013 -0.0012 0.0097 -0.0020 -0.0019 -0.0015 5 0.0040 -0.0006 -0.0003 -0.0002 0.0031 -0.0039 -0.0036 -0.0033 0.0085 -0.0062 -0.0056 -0.0036 5-1 -0.0016 -0.0018 -0.0019 -0.0018 -0.0045 -0.0049 -0.0048 -0.0044 -0.0082 -0.0102** -0.0100** -0.0085** p-value (0.5336) (0.4637) (0 0.0103 0.0003 -0.0006 0.0016 0.0119 0.0020 0.0012 0.0038 0.0107 0.0007 -0.0002 0.0020 5-1 -0.0021 -0.0025* -0.0027* -0.0037** 0.0009 0.0007 0.0007 0.0008 -0.0023* -0.0026** -0.0029** -0.0037*** p-value (0.1324) (0.0853) (0.0605) (0 0.0108 0.0007 -0.0002 0.0019 0.0117 0.0017 0.0008 0.0035 0.0100 -0.0001 -0.0011 0.0011 5-1 -0.0024 -0.0028* -0.0029* -0.0037** 0.0006 0.0003 0.0003 0.0003 -0.0031* -0.0034** -0.0037** -0.0044** p-value (0.1180) (0.0620) (0.0537) (0.0480) (0.6173) (0.8323) (0.7938) (0.7767) (0.0544) (0.0263) (0.0237) (0.0102) Panel B: Results for Value-weighted Quintile Portfolios
0.0082 -0.0010 -0.0008 0.0004 0.0051 -0.0044 -0.0042 -0.0041 0.0102 0.0008 0.0014 0.0031 2 0.0083 0.0007 0.0006 0.0009 0.0079 0.0004 0.0003 0.0002 0.0103 0.0027 0.0025 0.0030 3 0.0080 0.0007 0.0003 0.0002 0.0085 0.0012 0.0010 0.0008 0.0073 -0.0002 -0.0005 -0.0007 4 0.0079 -0.0003 -0.0005 -0.0009 0.0088 0.0006 0.0005 0.0006 0.0062 -0.0017 -0.0020 -0.0025 5 0.0055 -0.0046 -0.0044 -0.0040 0.0079 -0.0022 -0.0018 -0.0010 0.0030 -0.0068 -0.0067 -0.0068 5-1 -0.0027 -0.0036 -0.0036 -0.0044 0.0027 0.0022 0.0024 0.0032 -0.0072** -0.0076** -0.0081** -0.0100*** p-value (0.3678) (0.2512) (0.2436) (0.1514) (0.2315) (0.3728) (0.3317) (0.1888) (0.0173) (0.0132) (0.0118) (0.0020)
